INTRODUCTION
animal protein sources in several experiments (Frantz et al., 2005; Ratliff et al., 2005a; Bradley et al., 2008) but not in others (Kats et al., 1994; Davis et al., 1997; de Rodas et al., 1997) . Much of the variation among experiments can be explained by the increased use of standardized ileal digestible (SID) ratios in diet formulation. Standardized ileal digestible AA estimates for most common feed ingredients are available, which allows for more accurate formulation to meet the AA requirements of the pigs (Stein et al., 2005 (Stein et al., , 2007 . Decreases in performance from pigs fed low-CP, AA-fortified diets also may be a result of deficiencies in dispensable N, variation in lactose levels, or diets only formulated to the second or third limiting AA (Kats et al., 1994; de Rodas et al., 1997; Chung et al., 1999) .
The objective of the following series of experiments was to evaluate the effect of replacing fish meal, meat and bone meal, and poultry byproduct meal with crystalline AA on growth performance of nursery pigs from 7 to 12 kg. To accomplish the overall objective, the subobjectives were to 1) establish a low-CP, AA-fortified diet that could be used to replace fish meal for subsequent experiments, 2) determine which AA were required in the low-CP, AA-fortified diet for optimal growth, 3) evaluate the maximum total Lys:CP required for growth, 4) determine the minimum SID Val:Lys requirement, and 5) validate crystalline AA as a replacement for fish meal, meat and bone meal, and poultry byproduct meal.
MATERIALS AND METHODS
All experimental procedures and animal care were approved by the Kansas State University Institutional Animal Care and Use Committee.
General
Similar protocols were used in all 5 experiments. Pigs (TR4 × 1050; PIC, Hendersonville, TN) were weaned at 19.5 ± 1.4 d of age and fed a common pelleted starter diet for 3 d. At weaning, pigs were allotted to mixed sex pens by sex and initial BW to achieve the same average weight for all pens. On d 3 after weaning, pens were allotted randomly to 1 of 6 dietary treatments; thus, d 3 after weaning was d 0 of the experiment. Treatments were balanced by sex on d 0 of the experiment to obtain equal number of barrows and gilts across all treatments. Each pen (1.22 by 1.52 m) contained a 4-hole dry self-feeder and a nipple waterer to provide ad libitum access to feed and water. All experiments were conducted at the Kansas State University Swine Teaching and Research Center.
A 2-phase diet series was used, with treatment diets fed from d 0 to 14 and a common diet fed from d 14 to 28. Treatment diets were corn-soybean meal based and contained 10% dried whey and 1% soy oil. In a previous study conducted in this facility, we determined that a SID Lys level of 1.30% was adequate for optimal ADG but inadequate for optimal G:F of pigs weighing 6.8 to 11.5 kg (Nemechek et al., 2012) . Therefore, all diets from d 0 to 14 were formulated to be marginally deficient in SID Lys (1.30%). Following the experimental treatment diets, all pigs were switched to a common diet on d 14, and subsequent performance was monitored. From d 14 to 28, the diet for all the trials was a cornsoybean meal-based diet with no animal protein ingredients that was formulated to contain 1.26% SID Lys. Minimum nutrient specifications and SID AA digestibility coefficients used for all diet formulations were based on NRC (1998). All experimental diets were in meal form and were prepared at the Kansas State University Animal Science Feed Mill. A subsample of all experimental diets was collected and analyzed for dietary AA (Ajinomoto Heartland LLC, Chicago, IL) using HPLC as outlined by the AOAC International (2000) . Pigs and feeders were weighed on d 0, 7, 14, 21, and 28 to calculate ADG, ADFI, and G:F.
Experiment 1
A total of 282 nursery pigs (initially 7.30 ± 0.08 kg BW) were used to evaluate the effects of replacing dietary fish meal with crystalline AA on growth performance. Each treatment had 5 replications with 7 pigs per pen and 2 replications with 6 pigs per pen. For the 6 dietary treatments, crystalline l-Lys, dl-Met, l-Thr, lTrp, l-Ile, and l-Val were added to maintain minimum AA ratios at the expense of fish meal (Table 1) . Dietary fish meal levels were 4.50, 3.60, 2.70, 1.80, 0.90, and 0.00%. Salt increased slightly with decreasing fish meal to maintain equal dietary Na among treatments. Also, increasing amounts of l-Gln and l-Gly were used in diets containing 3.60% or less fish meal to maintain a total Lys:CP of no more than 7:1%. Large, 1,270-kg batches of 4.50 and 0.00% fish meal diets were manufactured, and then they were blended at ratios of 80:20, 60:40, 40:60, and 20: 80 to achieve the intermediate diets.
Experiment 2
A total of 294 nursery pigs (initially 6.88 ± 0.07 kg BW) were used to evaluate the effect of eliminating specific crystalline AA from a low-CP, AA-fortified diet based on growth performance. The experiment comprised 7 pigs per pen and 7 pens per treatment. The positive control diet contained l-Lys HCl, dl-Met, l-Thr, lIle, l-Trp, l-Val, l-Gln, and l-Gly and was a similar diet that was validated in Exp. 1, where all fish meal was re- placed with crystalline AA (Table 2 ). Standardized ileal digestible AA ratios of the positive control diet relative to Lys were 60% Ile, 58% Met and Cys, 64% Thr, 20% Trp, and 70% Val and total Lys:CP of 6.95%. The 6 treatments were 1) positive control, 2) positive control with l-Ile deleted from the diet (52% SID Ile:Lys), 3) positive control with l-Trp deleted (15% SID Trp:Lys), 4) positive control with l-Val deleted (57% SID Val:Lys), 5) positive control with l-Gln and l-Gly deleted (7.51% total Lys:CP), and 6) positive control with l-Ile, l-Trp, l-Val, l-Gln, and l-Gly removed from the diet. Treatment 6 served as the negative control and contained SID AA ratios of 52% Ile:Lys, 15% Trp:Lys, 57% Val:Lys, and 7.60% total Lys:CP.
Experiment 3
A total of 282 nursery pigs (initially 7.23 ± 0.07 kg BW) were used to evaluate the effects of total Lys:CP on growth performance, using fish meal as a source of nonessential N. Each treatment had 5 replications with 7 pigs per pen and 2 replications with 6 pigs per pen. The 6 total Lys:CP were 6. 79, 6.92, 7.06, 7.20, 7.35, and 7 .51% (Table 3). All diets were formulated to 1.30% SID Lys. Crystalline l-Lys, dl-Met, l-Thr, l-Trp, and l-Val all increased as fish meal decreased to maintain minimum AA ratios of 58% Met and Cys:Lys, 64% Thr:Lys, 20% Trp:Lys, 52% Ile:Lys, and 70% Val:Lys. Large, 1,270-kg batches of the 6.79 and 7.51% total Lys:CP diets were manufactured, and then they were blended at ratios of 80:20, 60:40, 40:60, and 20: 80 to achieve the intermediate diets.
Experiment 4
A total of 294 nursery pigs (initially 6.84 ± 0.05 kg BW) were used to evaluate the effects of increasing SID Val:Lys on growth performance, with 7 pigs per pen and 7 pens per treatment. The 6 dietary treatments contained Val at 57.4, 59.9, 62.3, 64.7, 67 .2, and 69.6% of Lys (Table 4). These ratios were achieved by increasing crystalline l-Val and decreasing corn starch in equal amounts. Large, 1,270-kg batches of the 57.4 and 69.6% Val diets were manufactured, and they were then blended at ratios of 80:20, 60:40, 40:60, and 20: 80 to achieve the intermediate diets.
Experiment 5
A total of 282 nursery pigs (initially 6.59 ± 0.06 kg BW) were used to evaluate the effects of replacing high amounts of fish meal, meat and bone meal, and poultry byproduct meal with crystalline AA on growth performance. Each treatment had 5 replications with 7 pigs per pen and 2 replications with 6 pigs per pen. Experimental treatments were arranged in a 2 × 3 factorial (Table  5) . Pens were assigned to 1 of 3 dietary animal protein sources including select menhaden fish meal (4.50 vs. 1.00%), porcine meat and bone meal (6.00 vs. 1.20%), or pet food-grade poultry byproduct meal (6.00 vs. 1.05%). Each animal protein source with a high or low inclusion rate was supplemented with a low or high level of crystalline AA. Fish meal, meat and bone meal, or poultry byproduct meal was included in the high-crystalline AA diets accordingly to ensure a total Lys:CP was not greater than 7.36%. Appropriate amounts of crystalline AA were added to diets to maintain SID Ile, Met + Cys, Thr, Trp, and Val to 52, 58, 62, 16.4 , and 65% of Lys.
Statistical Analysis
All experiments were analyzed as a completely randomized design with the pen as the experimental unit. Data from each experiment were analyzed using the PROC MIXED procedure of SAS (SAS Inst. Inc., Cary, NC). Experiments 1, 3, and 4 were analyzed using orthogonal polynomial contrasts to determine the effect of decreasing dietary fish meal, increasing dietary total Lys:CP, and increasing SID Val:Lys, respectively. For SID Val:Lys, breakpoint analysis described by Robbins et al. (2006) was used to determine estimates of requirements. Analysis of variance was performed for Exp. 2 and 5. Experiment 5 was analyzed as a 2 × 3 factorial with 2 crystalline AA levels and 3 animal protein sources, and differences between treatments were determined using the PDIFF. Significant differences for all experiments were declared at P < 0.05 and trends were declared at P < 0.10.
RESULTS AND DISCUSSION

Experiment 1
Analyzed AA levels for experimental diets are shown in Table 1 . Analyzed concentrations were numerically lower than formulated concentrations but are within acceptable limits for analytical variation according to the Association of American Feed Control Officials (2005) . From d 0 to 14 (experimental treatment period), there was no difference in ADG, ADFI, or G:F as dietary fish meal decreased and crystalline AA increased (Table 6 ). From d 14 to 28 (common diet period), there were no differences among treatments for ADG or G:F, but there was a quadratic trend (P = 0.09) for ADFI as dietary fish meal decreased.
Overall (d 0 to 28), there were no differences in ADG or ADFI. As dietary fish meal increased, feed efficiency improved (quadratic, P = 0.04) as a result of increases in G:F at the intermediate fish meal levels (2.70 and 1.80%). Crystalline AA level: Low Crystalline AA level: High Data from this trial indicate that crystalline AA can be used to replace fish meal in diets for 7-to 12-kg pigs, which is in agreement with 3 studies reported by Ratliff et al. (2005a) that used dietary fish meal ranging from 6 to 0% and increasing concentrations of l-Lys HCl, l-Thr, dl-Met, l-Trp, l-Ile, and l-Val as dietary fish meal decreased. Bradley et al. (2008) conducted a similar study evaluating the effect of replacing fish meal with crystalline AA in phase 1 and 2 nursery diets. Fish meal ranged from 8 to 0% and 6 to 0% during phases 1 and 2, respectively. The researchers found no differences in ADG or ADFI during both phases, which is consistent with the current study; however, as dietary fish meal decreased and crystalline AA increased, G:F decreased linearly. Bradley et al. (2008) did not include l-Trp or additional sources of dispensable N in the diets, whereas results of Exp. 2 reported herein indicated that both are required in low-CP, AA-fortified nursery diets for optimal growth. Numerical differences reported by Bradley et al. (2008) in ADG and ADFI may have resulted from a moderate deficiency in Trp or dispensable N, which may explain the discrepancy in G:F between studies.
---------------------Protein source ---------------------
The present study, Bradley et al. (2008) , and Ratliff et al. (2005a) agree that crystalline AA, when balanced for minimum SID AA ratios, can be used to replace fish meal in diets for 6.8-to 11.3-kg pigs. These data established a low-CP, AA-fortified diet that could be used in our subsequent experiments.
Experiment 2
Analyzed AA levels for experimental diets are shown in Table 2 . Analyzed concentrations were lower than formulated concentrations but are within acceptable limits for analytical variation according to the Association of American Feed Control Officials (2005) . The results of AA analysis were in agreement with the design of the experiment, confirming that the specific crystalline AA were removed from the respective diets.
From d 0 to 14 (experimental treatment period), pigs fed the diet containing no added crystalline Ile had no difference in ADG, ADFI, and G:F compared to pigs fed the positive control but had increased (P < 0.05) ADG compared with the pigs fed the other 4 diets ( Table 7) . Pigs fed the diets with deleted l-Trp or l-Val had decreased (P < 0.05) ADG and ADFI compared with the pigs fed the positive control diet. Pigs fed the diet without l-Gln and l-Gly were intermediate. As expected, feeding the negative control diet resulted in decreased (P < 0.05) ADG and ADFI. There were no differences in G:F among any of the treatments during the first period, indicating that the response to ADG among treatments was driven primarily by ADFI. From d 14 to 28, when the common diet was fed, for unknown reasons, pigs fed the diet with l-Ile deleted during the previous period had decreased (P < 0.05) ADG and poorer (P < 0.05) G:F compared with the positive control. Pigs in the other treatment groups had no difference in ADG and G:F compared to the positive control. There were no differences in ADFI. Overall (d 0 to 28), because of the decrease in ADG from d 0 to 14, pigs fed the negative control diet or diets without l-Trp or l-Val had decreased (P < 0.05) ADG compared with pigs fed the positive control. Pigs fed the negative control had decreased (P < 0.04) ADFI compared with pigs fed the positive control. There was no difference in G:F for the overall study. The positive control diet used during the first period was previously shown to provide adequate AA for optimal growth in nursery pigs from 6.8 to 11.3 kg in Exp. 1. The present data showed similar performance between the positive control and the pigs fed the diet with deleted Ile that contained 60 and 52% SID Ile:Lys, respectively, and agrees with data reported by Barea et al. (2009b) . The results indicate that the Ile:Lys requirement of nursery pigs may not be above 50% in diets without blood products. Mavromichalis et al. (1998) also indicated that supplementation of l-Ile is not required in low-protein, corn-soybean meal-whey-based diets for optimal growth performance for pigs from 8.8 to 18.5 kg BW. The SID Ile:Lys requirement was not reported by Mavromichalis et al. (1998) , but the total Ile:Lys requirement was found to be no greater than 60%.
Decreased ADG and ADFI from the pigs fed the diet with deleted l-Trp indicate that feeding 15% SID Trp:Lys was deficient, which is in agreement with the NRC (1998) estimate of 18.5% SID Trp:Lys. Susenbeth (2006) analyzed 33 experiments that evaluated the Trp:Lys requirement in pigs. By adjusting for the intervals of Trp:Lys between dietary treatments, 16% SID Trp:Lys was estimated to be the average minimum requirement of the 33 experiments. Although this value of 16% is below the NRC (1998) recommendation of 18.5%, both of the values confirm the deficiency of 15% that was found in the current study. Research with growing pigs agreed, and the reported requirements ranged from 15.6 to 17.1% SID Trp:Lys and the requirement may vary depending on the level of other essential AA in the diet (Quant et al., 2007 (Quant et al., , 2009 .
The diet without l-Val (57% SID Val:Lys) was deficient for optimal growth, which agrees with data from other experiments (Mavromichalis et al., 2001; Barea et al., 2009a; Gaines et al., 2010) . Although some discrepancy exists in evaluating the exact Val requirement of nursery pigs, the data indicate that it is at least 65% of Lys (Wiltafsky et al., 2009; Gaines et al., 2010) .
A numerical decrease in performance also occurred for pigs fed the diet without l-Gln and l-Gly compared with the positive control. This may be due to the reduction in dispensable N. One method of measuring dietary dispensable N is by calculating dietary Lys:CP. Ratliff et al. (2004) reported that exceeding 7.00% SID Lys:CP resulted in a decrease in growth performance of nursery pigs from 13 to 26 kg. The calculated value in the diet without l-Gln and l-Gly was of 6.80% SID Lys:CP (7.51% total Lys:CP) and may be approaching the maximum limit. In another study using total Lys, Ratliff et al. (2005b) determined that pigs fed 8.1% total Lys:CP had decreased growth performance compared with those fed 7.1% total Lys:CP. Research with 20-to 50-kg pigs has demonstrated that the combination of Gly and N from an additional AA was required in low-CP, AA-fortified diets for optimal growth (Powell et al., 2009a,b; Southern et al., 2010) .
In summary, added l-Trp and l-Val were needed in low-CP, AA-fortified nursery diets to achieve maximum growth performance, whereas the addition of l-Ile was not required. More specifically, SID AA ratios of 15% Table 7 . Effects of deleting crystalline AA from low-CP, AA-fortified diets on growth performance in nursery pigs (Exp. 2) 1,2
Item
Positive control 3
Crystalline AA removed from the diet Trp:Lys and 57% Val:Lys were not adequate for optimal growth, but 52% Ile:Lys was sufficient. The intermediate performance from pigs fed the diet with l-Gln and l-Gly removed seems to indicate a beneficial effect of Gln or Gly either as a source of dispensable N or as individual AA.
Experiment 3
Analyzed AA levels for experimental diets are shown in Table 3 . Differing from the design of the experiment, analyzed AA concentrations varied from the formulated values.
From d 0 to 14, there was a trend toward increased (quadratic, P = 0.09) ADG with increasing dietary total Lys:CP up to 7.35%, with a 13% reduction in ADG when the dietary ratio increased from 7.35 to 7.51% (Table 8) . Increasing total Lys:CP tended to increase (quadratic, P = 0.09) G:F for pigs fed 7.35%, with a 7% decrease in G:F as total Lys:CP increased to 7.51%. From d 14 to 28, there was no difference in ADG or G:F. A response (quadratic, P = 0.04) was observed for ADFI, which was the result of an increased ADFI in pigs fed the intermediate diets (7.06 and 7.20% total Lys:CP) during the previous period. Overall (d 0 to 28), there was a trend (quadratic, P = 0.07) toward increased ADG and ADFI caused by the highest values in pigs fed a total Lys:CP of 7.35% and the lowest values in pigs fed a total Lys:CP of 7.51%. Dietary treatment did not influence overall G:F.
Limited research has been conducted evaluating the maximum total Lys:CP in pig diets. Lenis et al. (1999) suggested that pigs fed low-protein diets fortified with indispensable AA (IAA) have an increased requirement for N from dispensable AA (DAA). They speculated this may be due to the N from IAA being used for DAA synthesis if DAA are not adequately supplied in the diet. The NRC (1998) reports that, in pigs, CP in muscle typically contains about 6.5 to 7.5% Lys. The difference in the range of Lys:CP may be due to factors such as BW, sex, genotype, or diet composition (Bikker et al., 1994) . Mahan and Shields (1998) agreed with the NRC (1998) estimate, reporting that the carcass composition of a 8.5 kg pig contains 7.3% Lys:CP. Based on the information on the muscle composition, diets with minimum IAA ratios relative to Lys but containing an inadequate amount of protein may result in an inefficient use of AA for protein deposition and growth. However, in the current experiment, growth performance was not different among the pigs fed the different Lys:CP treatment diets.
Experiment 4
Analyzed AA levels for experimental diets are shown in Table 4 . Analyzed concentrations were lower than formulated concentrations but are within acceptable limits for analytical variation according to the Association of American Feed Control Officials (2005) . With the exception of the diets formulated to be 59.9 and 62.3% SID Val:Lys, which had equal analyzed Val, the AA analysis was in agreement with the design of the experiment, confirming that dietary Val increased as the SID Val:Lys formulations increased.
From d 0 to 14, ADG and ADFI increased (quadratic, P < 0.01) as the SID Val:Lys increased from 57.4 to 64.7%, with little changes observed with further increas- (Table 9 ). Feed efficiency improved (linear, P = 0.02) with increasing Val:Lys, but similar to ADG and ADFI, little improvement was observed in G:F beyond 64.7% of Lys based on the 2-slope breakpoint model. The Val requirement for both optimal ADG and G:F was 65% of Lys. From d 14 to 28, when the common diet was fed, there was no difference in ADG and ADFI; however, G:F became poorer (quadratic, P = 0.03) in pigs previously fed increasing Val:Lys. This indicates that a slight compensatory response occurred for G:F. Overall (d 0 to 28), because of the improvement in ADG and ADFI from d 0 to 14, ADG and ADFI increased (linear, P = 0.003) as Val:Lys increased. Again, the greatest improvement in ADG and ADFI was observed in pigs fed the diet containing 64.7% Val:Lys during phase 1. There were no differences in G:F for the overall trial. The predetermined SID Val:Lys of 57.4% used as the lowest dietary treatment is known to be limiting for 7-to 12-kg nursery pigs in Exp. 2 and was confirmed to be deficient in the current experiment. Dietary SID Val:Lys increased up to a maximum level of 69.6%, slightly above the requirement of 68% estimated by the NRC (1998). The minimum SID Val:Lys required for optimal growth in the present study was determined to be 65%. The NRC (1998) and Barea et al. (2009a) suggested SID Val:Lys estimates of 68 and 70%, respectively, but other researchers reported the results similar to the present study (Wiltafsky et al., 2009; Gaines et al., 2010) . Wiltafsky et al. (2009) determined the optimum SID Val requirement to be from 66 to 67% of Lys for 8-to 25-kg pigs. Gaines et al. (2010) reported dietary SID Val:Lys of 56 to 80% for pigs ranging from 13 to 32 kg in 3 experiments. Data from these 3 experiments are in agreement with 65% SID Val:Lys for optimal growth observed in the current study.
One possible reason for the variation among SID Val:Lys requirement estimates may be the AA levels or digestibility coefficient estimations of ingredients used in diet formulation. Wiltafsky et al. (2009) used SID AA digestibility coefficients reported by Sauvant et al. (2004) , and Barea et al. (2009a) calculated the SID AA using values from the Institut National de la Recherche Agronomique -Association Francaise de Zootechnie tables, which also originated from Sauvant et al. (2004) . The SID values from Sauvant et al. (2004) vary slightly from the NRC (1998), which were used in the current trial and Gaines et al. (2010) . When the 65% SID Val:Lys diet in the present trial is recalculated using SID AA digestibility coefficients from INRA, the SID Val:Lys ratio is 68%, closer to the estimates of Barea et al. (2009a) . The minor differences in SID AA calculations may explain some of the discrepancies among trials. In conclusion, using SID AA coefficients from the NRC (1998), a SID Val:Lys of 65% was sufficient for optimal growth of early nursery pigs.
Experiment 5
Analyzed AA levels for experimental diets are shown in Table 5 . Analyzed concentrations were lower than formulated concentrations but are within acceptable limits for analytical variation according to the Association of American Feed Control Officials (2005) .
From d 0 to 14 (experimental treatment period), pigs fed high-crystalline AA diets had improved (P = 0.04) ADG compared with pigs fed the low-crystalline AA di- 2 Treatment diets were fed from d 0 to 14, and a common diet was fed from d 14 to 28.
ets (Table 10 ). There was no difference in ADG among pigs fed fish meal, meat and bone meal, or poultry byproduct meal. Average daily feed intake and G:F were not different between pigs fed different crystalline AA levels or different protein sources during the first period. From d 14 to 28, when the common diet was fed, there were no differences in ADG or ADFI between pigs fed different crystalline AA levels. There was a tendency (P = 0.09) toward decreased ADG for pigs previously fed meat and bone meal and a tendency (P = 0.09) for increased ADFI for pigs previously fed poultry byproduct meal. These tendencies resulted in increased (P = 0.03) G:F for pigs previously fed fish meal during phase 1 compared with pigs fed diets containing meat and bone meal or poultry byproduct meal. There was no difference between pigs fed different crystalline AA levels during the second period. Overall (d 0 to 28), dietary crystalline AA had no impact on ADG, ADFI, or G:F. Pigs previously fed diets containing fish meal from d 0 to 14 tended (P = 0.08) to have increased ADG and G:F for the overall trial compared with pigs fed diets containing meat and bone meal or poultry byproduct meal. There was no difference in ADFI among pigs fed different protein sources. These data indicate that crystalline AA can be used to replace fish meal, meat and bone meal, and poultry byproduct meal in nursery pig diets without negatively influencing growth. Frantz et al. (2005) also found that fish meal and poultry byproduct meal can be replaced by crystalline AA (l-Lys HCl, l-Thr, dl-Met, l-Val, l-Ile, and l-Trp). Other experiments also indicated that fish meal can be replaced in nursery diets by crystalline AA with no negative effects on growth performance (Ratliff et al., 2005a; Bradley et al., 2008) . Some studies have, however, indicated that animal protein sources cannot be replaced with crystalline AA and maintain equal performance. These studies with negative responses to low-CP, AA-fortified diets may be due to formulating diets on a total vs. SID AA basis. Other possible explanations may include limitations of fourth and fifth limiting AA, variations in lactose levels, or inadequate dispensable N concentrations (Kats et al., 1994; Davis et al., 1997; Chung et al., 1999) . In conclusion, these results indicate that crystalline AA in nursery pigs diets can replace fish meal, meat and bone meal, and poultry byproduct Table 10 . Comparison of replacing fish meal, meat and bone meal, and poultry byproduct meal with crystalline AA on growth performance in nursery pigs (Exp. 5) 1,2
